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Abstract

Roadmapping has long been regarded as a practical 
tool for supporting decision-making for science and 
technology innovation and it has received recent 

attention for its potential use in responses to uncertainty. 
Indeed, roadmapping enables forward-looking strategy 
making and thus helps to reduce uncertainty. Accordingly, 
numerous studies have been conducted to propose new 
approaches to roadmapping for a wide range of contexts, 
including the data-driven and expert-based approaches. 
Although these two main approaches have distinct 
advantages and disadvantages, few previous studies have 
focused on how to integrate them into roadmapping to 
better support decision-making related to science and 
technology innovation. To address this research gap, this 

study investigated how to integrate data-driven approaches 
with expert insights during roadmapping. For this purpose, 
a workshop-based roadmapping method was combined 
with data-driven methods to test this approach in the 
context of technology planning for the automobile industry. 
An ethnographic approach was used to collect data on 
when, where, and how data analysis must be conducted to 
support experts’ discussions. The research findings open a 
discussion regarding how to integrate data-driven methods 
with expert insights during roadmapping based on the 
trade-offs between the two types of data, that is, hard data 
for data-driven methods and soft data from expert insights 
and suggest possible opportunities for future roadmapping 
developments.
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1  Ethnographic approach suggests non formalized, contextually adaptive gathering and analysis of empirical data. 

Technology and strategic roadmaps have long been 
regarded as flexible tools that can support strate-
gic and long-range planning by matching long-

term goals with short-term actions and specific tech-
nology solutions [Farrukh et al., 2003]. Since its first 
introduction by Motorola in the 1980s, roadmapping 
has been applied to various contexts, including tech-
nology forecasting [Gerdsri, 2007], new product devel-
opment [Petrick, Echols, 2004; Lee et al., 2008], service 
planning [Cho, Lee, 2014], and R&D project planning 
[Cho et al., 2016]. On the one hand, regardless of its 
context, the forward-looking feature of roadmapping 
helps organizations manage the fuzzy front-end of in-
novation and survive in turbulent environments, en-
abling them to reduce uncertainty by collecting the in-
formation required to plan for the future. On the other 
hand, it must be combined with other methods to be 
suitable for the context. 
Among the approaches proposed for roadmapping, the 
two main streams are the data-driven and expert-based 
approaches. The data-driven approach uses hard data 
such as patents to investigate past trends to predict the 
future [Geum et al., 2015], whereas the expert-based 
approach relies heavily on expert insights – that is, soft 
data produced during roadmapping workshops [Phaal 
et al., 2004]. The representative research group of the 
former approach is the Seoul School, whereas that of 
the latter is the Cambridge School [Park et al., 2020]. 
These two approaches have distinct advantages and 
disadvantages. The data-driven approach, although it 
takes a retrospective perspective, utilizes the insights 
derived from reliable sources to implement system-
atic analysis techniques. Given recent advances in data 
analytics, such as natural language processing, deep 
learning, and artificial intelligence, as well as expanded 
data sources for investigating innovation activities, the 
potential for data to support human decision-making 
is considerable. However, the expert-based approach 
facilitates the use of tacit knowledge that is not avail-
able in the public domain. Furthermore, based on this 
knowledge, such an approach enables the setting of 
goals to achieve a desirable future outcome, support-
ing normative forecasting and exploratory forecasting. 
Accordingly, the two approaches can be complemen-
tary, and if they are implemented well together in the 
roadmapping process, they can support better deci-
sion-making related to science and technology inno-
vation. Nevertheless, few previous attempts have been 
made to address this issue; the few exceptions include 
the work [Kostoff, Schaller, 2001], which mentions a 
hybrid method that combines a computer-based ap-
proach (considered a data-driven approach in this 
paper, emphasizing the importance of data) and an 
expert-based approach, and [Lee et al., 2007], which 
summarizes the data analysis techniques that can be 
used at each roadmapping stage. Indeed, the role of 
data in successful roadmapping has been highlighted 

in previous studies [Lee et al., 2011; Schimpf, Abele, 
2019]. The quantity and quality of information pro-
vided to support roadmapping can affect its results. To 
address this gap in the research, therefore, this study 
investigates the integration of data-driven approaches 
with expert insights during roadmapping. For this 
purpose, a workshop-based roadmapping method 
was combined with data-driven methods to test this 
approach in the context of technology planning for 
the automobile industry, Hyundai Motor Company. 
A single case study using an ethnographic approach1 
was adopted to collect data on when, where, and how 
data analysis must be conducted to support experts’ 
discussions. Thus, data needs during the roadmapping 
process were presented along with the techniques to 
visualize the data analysis results. The research find-
ings open a discussion on how to integrate data-driven 
methods with expert insights during roadmapping 
based on the trade-offs between the two data types and 
suggest possible opportunities for the future develop-
ment of roadmapping. 

Literature Review
Roadmapping is defined as “A process that mobilizes 
structured systems thinking visual methods (e.g., road-
map ‘canvas’ and participative approaches to address 
organizational challenges and opportunities), support-
ing communication and alignment for strategic plan-
ning and innovation management within and between 
organizations at the firm and sector levels” [Park et 
al., 2020, p. 2]. It helps organizations better prepare 
for technological change and offers a tool for corporate 
foresight [Linton, Walsh, 2004]. Indeed, organizations 
that use corporate foresight more often are more likely 
to be engaged in roadmapping and produce more in-
novation [Yoon et al., 2019]. Due to these advantages, 
roadmapping has gained significant attention recently 
and relevant research has increased notably in number 
[Carvalho et al., 2013; Park et al., 2020]. The number of 
roadmapping studies exceeded those on other popu-
lar planning tools such as Delphi, scenario planning 
and modeling/simulation [Park et al., 2020]. They also 
noted that the growth and prosperity of roadmapping 
studies have led to several research streams, with two 
distinguished ones including the focus on the design 
of roadmapping processes, outputs, and on the devel-
opment of supportive tools for roadmapping [Park et 
al., 2020]. These research streams are related to road-
mapping approaches that are classified into three cat-
egories: expert-based, computer-based, and hybrid ap-
proaches [Kostoff, Schaller, 2001]. 
The expert-based approach relies on insights in devel-
oping roadmaps and involves holding a series of work-
shops to identify roadmap elements and their relation-
ships [Wells et al., 2004; Phaal, Muller, 2009; Farrukh et 
al., 2003; Phaal et al., 2007]. Moreover, cross-function-
al roadmapping teams can be organized to provide suf-
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ficient knowledge for successful roadmapping [Phaal 
et al., 2003; Gerdsri et al., 2010; Phaal et al., 2004]. The 
relevant studies mainly focus on the development of 
roadmapping processes or roadmap canvases and on 
identifying key success factors for procedure. As a re-
sult, numerous roadmapping methods have been pro-
posed for choosing technology alternatives [Garcia, 
Bray, 1997], introducing scenario planning [Groenveld, 
1997], supporting fast-starting roadmapping [Phaal 
et al., 2003], and managing emerging technologies 
[Gerdsri, 2007]. In addition to the roadmapping pro-
cess, previous studies also proposed roadmap canvases, 
both as roadmapping outputs and as roadmapping 
guidelines. The most representative format is a time-
based multi-layered chart, with the top layer mapping 
business trends and drivers, the middle layer mapping 
products/services/functions, and the bottom layer 
mapping technologies. However, these formats can 
change according to the purposes behind the roadmap-
ping effort. Geum et al. [Geum et al., 2013] proposed a 
roadmap canvas specifically for open innovation, titled 
the dual-technology roadmap. Likewise, the relevant 
studies have investigated the design and customization 
of the roadmapping process, the structure of the road-
map canvas, and the key success factors of roadmap-
ping. Although expert-based roadmapping based on 
expert insights is appropriate for corporative foresight, 
its success may depend highly upon individuals’ capa-
bilities—that is, their ability to innovate, willingness to 
share information, and prior experiences used to jus-
tify their decisions. Therefore, it may not be effective in 
some cultures in which discussions are not encouraged 
or in areas of convergence in which expert insights are 
not sufficient to provide all necessary knowledge for 
roadmapping. 
On the other hand, applying data analysis techniques 
that require a computer to create roadmaps has in-
creased rapidly, possibly with advances in big-data 
analytics. Producing roadmaps solely via computer-
based analysis, where roadmap elements and their re-
lationships are identified without expert intervention, 
is called a computer-based approach. On the contrary, 
roadmapping that involves expert and computer-based 
analyses constitutes a hybrid approach. Previous stud-
ies adopting these approaches have generally proposed 
novel roadmapping methods (i.e., analysis methods) 
and tested them in practice. Accordingly, these ap-
proaches align with the ‘application-and-proposition’ 
research stream. First, computer-based roadmapping 
commonly employs patent data, which is regarded as 
one of the most rich and reliable sources of innovation. 
These roadmaps, sometimes called patent roadmaps, 
were developed to investigate technology trends [Jeong, 
Yoon, 2015; Jeong et al., 2015], monitor competitors 
[Lee et al., 2012; Yu, Zhang, 2019], or establish R&D 
strategies [Suh, Park, 2009]. Using patent data for road-
mapping is advantageous because such data improves 
the credibility of roadmapping outputs. Nevertheless, 
patent roadmaps have shortcomings when used for 
corporate foresight due to its inherent retrospective 

nature and its limited consideration of corporate-level 
strategies in developing roadmaps. 
Second, a hybrid approach aims to overcome the limi-
tations of computer-based approaches and those of ex-
pert-based approaches to increase the results’ objectiv-
ity while maintaining interactions among experts dur-
ing roadmapping. Existing studies on hybrid roadmap-
ping concentrated on tools to support decisions before, 
during, and/or after the process. Indeed, expert-based 
roadmapping often introduced strategy-making meth-
ods such as scenario planning and evaluation such as 
technology valuation to adopt information obtained 
from them. Many studies combined roadmapping 
with other decision-supporting tools emphasizing 
responses to uncertainty. For example, multiple sce-
narios and their impact on roadmaps are considered 
[Geum et al., 2014; Lee, Geum, 2017], the robustness of 
roadmaps is analyzed [Lee et al., 2016], and the impact 
of changes from external and internal factors on road-
maps is evaluated to determine whether the roadmap 
needs revision [Gerdsri et al., 2019]. Other studies pro-
posed a set of tools for various other purposes, such as 
a patent and portfolio analysis for prioritization [Lee 
et al., 2007] and a design-structure matrix for analyz-
ing relationships among roadmap elements [Son et al., 
2018]. These decision-supporting tools should greatly 
improve roadmapping performance, but few attempts 
have been made to understand how they are used in a 
real organizational setting. Our knowledge regarding 
the data source of hybrid roadmapping’s needs, how 
it embeds into the overall organizational process, and 
how it evolved amongst rapid change is relatively limit-
ed. This study aligns with existing literature on hybrid 
roadmapping and tries to fill the research gap. Conse-
quently, it highlights issues regarding a methodologi-
cal aspect of hybrid roadmapping and its application at 
a large corporate organization [Park et al., 2020; Amati 
et al., 2020; Simonse et al., 2015]. Furthermore, we fo-
cus on the information sources necessary to ensure 
roadmaps’ quality. 

Proposed Hybrid Approach
The proposed approach has three stages, as presented 
in Figure 1. This process is based on Cambridge’s S-
Plan [Phaal et al., 2007], in that the first two stages 
correspond to S-Plan’s landscaping and the last stage 
is related to the S-Plan’s topic mapping. The first stage 
focuses on the ideation of innovation opportunities, 
which may come from short-term market and busi-
ness needs or long-term changes in the technologi-
cal and business environment. Thus, data for internal 
and external environment analyses are necessary. The 
ideas proposed in the first stage are then evaluated in 
the second stage. After the ideas are grouped into sev-
eral topics, these topics are prioritized. Finally, for the 
topics selected in the second stage, detailed plans for 
pursuing each of them are established. Given that de-
tailed planning requires a comprehensive review of rel-
evant technologies, data analysis results that represent 
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technology trends and available technology solutions 
are needed at this stage. Using the workshop-based ap-
proach, we listed data sources that can support deci-
sion-making at each stage of roadmapping based on 
practical needs and we aimed to integrate these data-
driven methods with expert insights. 

Stage 1. Ideation 
The first stage of roadmapping aims to identify innova-
tion opportunities. The first roadmapping workshop is 
organized for this purpose. Workshop participants are 
encouraged to propose such opportunities by answer-
ing certain questions – why, what, and how. Those op-
portunities may arise from the technology-push and 
market-pull approaches. Technology push derives from 
new technologies seeking a useful application, whereas 
market-pull considers innovation opportunities based 
on market and business demands. Taking a longer per-
spective, it is necessary to address emerging changes in 
technological and business environments to facilitate 
insights that lead to disruptive innovation. During this 
discussion, although experts propose new business and 
technology opportunities based on their insights and 
data analysis, the provision of further information re-
garding internal and external environment analyses can 
promote their discussions. Internal sources of informa-
tion, including customer complaints and survey results, 
help experts understand current market needs, as well 
as system, product, or service failures, to examine the 
limitations of current business offerings and past proj-
ects to identify actions taken to overcome the limita-
tions of strategies at a higher level. However, external 
sources of information can be used to describe trends 
in terms of patents, publications, and media based on 
which emerging technologies and competitor’s activities 
are investigated to identify opportunities. 
Particularly in cases of high uncertainty, future sce-
narios can be developed to derive various ideas for 
each scenario; innovation opportunities are captured 

for the scenario. Figure 2 describes a workshop tem-
plate for this stage. If j scenarios are built, j opportu-
nity maps need to be created: some of innovation op-
portunities may be common across multiple scenarios, 
while others may be specific to a particular scenario. 
In the figure, topic (i,j) indicates the ith topic from the 
jth scenario. In order to help understand scenarios and 
seize innovation opportunities easily, the use of a value 
proposition canvas is recommended. The value propo-
sition canvas is a graphical expression of what custom-
ers do, need, and suffer from in a specific context and 
further help design product and service offerings to 
satisfy the customers [Osterwalder et al., 2014]. 

Stage 2. Selection
Whereas the first stage is aimed at identifying various 
ideas, the second stage targets idea selection. As the 
ideas developed in the first stage may involve simi-
lar concepts, they must be grouped into several top-
ics. Likewise, if common ideas are submitted from 
different scenarios, those ideas must be merged into 
a single topic. At this stage, many discussions among 
the workshop participants are held to define the scope 
and concept of each topic. Once the concept of each 
topic becomes clear, those topics are prioritized to se-
lect the most important ones. Generally, as promising 
topics that an organization is capable of implementing 
are considered valuable as business opportunities, two 
criteria – attractiveness and feasibility – are used for 
prioritization. 
Then, a strategic technology roadmap is established on 
a selected topic, for which experts’ panels are used. The 
experts use their insight to set a vision for the topic, 
discuss the current state of the topic, and establish the 
milestones to achieve the vision based on the current 
state. During this process, panels often face situations 
in which all information on the relevant technologies 
for the topic are not available, particularly in the era of 
uncertainty and convergence. Nevertheless, a compre-

Figure 1. Overall Roadmapping Process 

Source: [Phaal et al., 2007].
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hensive understanding of the corresponding technolo-
gy trends and potential competitors is required for ro-
bust planning. Here, patent analyses discover available 
technology solutions within the target area as well as 
other areas. In particular, the recent advances in data 
analytics and visualization allow one to extract useful 
technical information from a large number of patent 
documents effectively. Emerging technological trends 
can be identified in the form of keywords or key con-
cepts from the collection and analysis of topic-related 
patent documents. On the other hand, patent docu-
ments published in other areas can also be analyzed to 
summarize their trends to be referenced or converged, 
which supports the discussion during roadmapping. 
Here, the level of specificity for a strategic technol-
ogy roadmap may vary by resource constraints and 
the roadmap’s purpose. Figure 3 represents workshop 
templates for Stage 2. The map on the left is used for 
detailed planning for each topic, while the map on the 
right is for an aggregated level planning for all topics 
of concern. 

Stage 3. Planning
The final stage is aimed at developing a detailed plan 
to pursue high-priority topics, particularly those fo-
cusing on technology planning. The technologies 
relevant to the topics are evaluated by four selection 
criteria: importance, urgency, development risk, and 
technological capabilities. Importance evaluates the 
criticality level of the organization’s acquiring the 
technology. If the technology is likely to have a strong, 
positive impact on the organization and aligns with 
the organizational strategy, it will have a higher value. 
Urgency measures how immediately the technology is 
needed at the organization. Risk evaluates the degree 
of risk associated with the technology; if the technol-
ogy requires complex technologies and high costs, its 
development risk will be high. Capability indicates 
the level of technology-related knowledge or exper-
tise within the organization. These criteria can be 
adjusted to roadmapping contexts. Sub-criteria can 

be designed, where decision-supporting techniques 
such as scoring models, the analytic hierarchical pro-
cesses, or the analytical network processes are used to 
synthesize experts’ evaluation results. Furthermore, 
data analysis can also support experts’ evaluation 
at this stage. For example, patent analysis can serve 
as a reference for technological capabilities and im-
pact analysis can serve as a reference for importance. 
Based on the analysis results, two portfolios are pro-
posed: one to prioritize the items and the other to es-
tablish an action plan (see Figure 4). 

Case Study
Background
The three-stage workshop-based roadmapping pro-
cess was performed in collaboration with Hyundai 
Motor Company, a South Korean automobile com-
pany. Recently, the automobile industry has encoun-
tered considerable challenges related to a dramatically 
changing business landscape caused by the emergence 
of the sharing economy, pressures caused by environ-
mentally friendly automobiles, and the opportunities 
available for various forms of personal mobility. These 
unpredictable factors make the industry risky for in-
cumbents but easy to enter for newcomers. Organiza-
tions in the industry are introducing roadmapping ag-
gressively to search for new business and technology 
opportunities and they are investing in their R&D to 
cope with the expected changes in their industry Ac-
cordingly, the automobile industry was suitable for a 
case study, which was conducted over the course of 
two months (February and March 2018). The research 
team played the role of a roadmapping team that de-
signed a process, recruited participants, facilitated 
the process, provided relevant information, and sum-
marized the roadmapping results. During the process, 
we observed when and where information needs oc-
curred, what kind of information was required, and 
how the data needed to be analyzed to support expert’s 
decisions effectively during roadmapping. 

Figure 2. Opportunity Map (adapted from the strategic landscape of S-Plan)

Note: Topic (i, j) means i-th topic of j-th scenario. 
Source: compiled by the authors.
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Roadmapping Process
The three-stage roadmapping was implemented using 
two workshops along with tasks imposed between the 
workshops. The first and second stages were covered in 
the first workshop, while the third stage was conducted 
in the second workshop. The participating team was in 
charge of technology development related to the noise, 
vibration, and harshness (NVH) of automobiles and 
aimed to establish a long-term R&D plan for about 10 
years given the new role of NVH technology in future 
mobility services: in general, a ten-year time horizon 
is considered to be appropriate for many organizations 
[Phaal, Muller, 2009]. All team members were involved 
in the roadmapping as a taskforce team. The roadmap-
ping process started from process design, followed by 
the development of scenarios, identification of oppor-
tunities, and the development of strategies along with 
action plans. Here, short-term opportunities were 
searched for in the trend analysis of patents and publi-
cations, while long-term opportunities were identified 
from expert discussions. From the requirements of the 
participating team, the main target for data analysis 

was set to patents and publications within and outside 
of the sector. As a result, a standardized process pro-
posed in this study was customized as shown in Table 1. 
The first workshop was carried out on February 9, 2018 
and was aimed at identifying new business and tech-
nology opportunities (Stage 1). Before the workshop, 
the team requested that future mobility scenarios be 
prepared because all the team members were engi-
neers and, although NVH technologies can be expect-
ed to be influenced significantly by external factors, 
they needed sufficient time to think about those fac-
tors. Accordingly, five scenarios were proposed using 
three criteria – vehicle control, vehicle ownership, and 
new vehicles (see Figure 5). Then, to facilitate discus-
sion, customer profiles that described the activities 
that customers were involved in while using the vehi-
cles were developed for each scenario as well as a value 
proposition map that investigated the needs and wants 
expected during the activities. Finally, the participants 
generated new business and technology opportunities 
and explained them in terms of why the opportunity 
is needed, what the opportunities are, and how the op-

Figure 3. Strategic Technology Roadmap (adapted from the topic map of S-Plan)

Source: compiled by the authors.
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portunity can be pursued (that is, the technologies re-
quired to do so). 
These opportunities were discussed among participants 
and similar opportunities were merged, leading to 18 
topics (Stage 2). A further evaluation of the attractive-
ness and feasibility of the 18 topics led to the selection 
of 11 topics along with 46 corresponding technologies 
for detailed planning. Of these, five topics were associ-
ated with multiple scenarios and were called G-topics 
(general-topics), whereas six were scenario-specific 
and were called C-topics (context-topics). Given the 
limited number of topics, internal discussions were 
carried out to choose the topics and technologies for 
further investigation. 
On the other hand, trend analysis results based on pat-
ents and publications were provided to the participants 
for the identification of available technologies within 
and outside of the sector (see Figure 6). For this pur-
pose, 27,411 publications were collected from the Sco-
pus database. In total, 5,988 patents from the USPTO, 
1,181 patents from the EPO, and 329 patents from the 
KPO were collected on automobile NVH technolo-
gies; these were published between January 2016 and 

March 2018. To summarize the contents of the patents 
and publications effectively, topic modeling based on 
LDA2 was performed. This resulted in nine topics (29 
subtopics) from patents and publications. The relation-
ships between the topics proposed during the work-
shop and the topics obtained from data analysis were 
investigated by the research team and proposed to the 
roadmapping participants for reference. 
In addition, for each topic, the relevant keywords, the 
number of relevant documents, the major organiza-
tions, and key documents were summarized, as shown 
in Table 2. We also highlighted hot topics that are gain-
ing more attention and cold topics that are losing at-
tractiveness, which we defined based on the increasing 
rate of relevant documents, along with outlier patents 
defined as unique patents in terms of their technologi-
cal content on the premise that those patents could 
have the potential to be disruptive technologies. This 
data analysis process helped the participants under-
stand what opportunities are in line with the main 
technology trends and, more specifically, obtain a list 
of patents and publications worth reviewing while in-
vestigating each topic. 

Table 1. Customized Roadmapping Process 

Figure 5. Future Mobility Scenarios

Source: authors.
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Furthermore, the participants suggested that recent 
psychoacoustic technologies could be applied to im-
prove automobile NVH system, particularly for G-
Topic 1. However, the topics were outside their areas of 
expertise, so another round of data analysis was neces-
sary. Focusing on the psychoacoustic technologies, we 
collected 1,534 publications published from January 
2016 to March 2018 from the Scopus database. Again, 
LDA-based topic modeling was used, resulting in ten 
topics (40 subtopics). For this study, we focused only 
on the publication data because the company was seek-
ing collaboration partners in academia, which was the 
main source of the publications. Again, the research 
team matched relationships between the 13 technolo-
gies for G-topic 1 and ten topics identified during data 
analysis to help the roadmapping participants intro-
duce emerging psychoacoustic technologies in the 
NVH system. Furthermore, these patent and publica-
tion analyses enabled the participating team to identify 
potential collaborators for pursuing the topics.

The second workshop, which targeted more focused 
discussions on the selected topics and relevant tech-
nologies, was held on March 29, 2018 (Stage 3). Be-
tween the first and second workshops, we asked five 
key participants to evaluate the 46 technologies associ-
ated with the 11 topics using four criteria – urgency, 
risk, importance, and capability – as well as precedent 
relationships between the technologies via a technol-
ogy cross-impact matrix. This task encouraged the 
participants to think deeply about the topics and tech-
nologies and let them search for those technologies 
individually. This was expected to support discussions 
in the second workshop. Given the broad scope of 
the topics, we allowed the participants to leave some 
questions partly unanswered if they lacked expertise 
on the technology or failed to collect relevant informa-
tion. On acquiring the results, the basic statistics of the 
technology – mean and standard deviation – and tech-
nological relationships were used to develop a prelimi-
nary technology roadmap for the second workshop, as 
shown in Figure 8. 
In this workshop, participants presented and discussed 
various viewpoints, particularly in terms of the tech-
nologies with high standard deviations in their evalu-
ation results. An in-depth discussion of the technolo-
gies with diverse viewpoints led the participants to 
share their ideas and reach a consensus. In addition, a 
first draft roadmap developed based on the evaluation 
results was presented to be modified according to the 
discussion results. This preliminary roadmap could 
have been developed for each topic or for all topics at 
an aggregated level. As the roadmapping was conduct-
ed at the team level, not the organizational level, we 
put all the topics and relevant technologies onto a sin-
gle roadmap, as shown in Figure 9. Here, it should be 
noted that five C-topics were merged into a single topic 
due to the small number of relevant technologies for 
each topic. Accordingly, the roadmap included seven 
topic layers with 46 technologies. FFirst, the technolo-
gies were positioned according to their urgency values 

Table 2. Partial Topic Analysis Results  
(door locking apparatus)

Topic Door locking apparatus (US-topic5)
Keywords Position, actuator, locking, movable, lever, 

movement, lock, positions, latch, move
Document 
number

589

Key 
documents

•	 One motor latch assembly with power cinch 
and power release having soft opening 
function (US20170089103A1)

•	 Apparatus and method for actuating a switch 
or sensor (US20160230427A1)

•	 Twist latch for compartment door 
(US20170218667A1)

•	 Door lock device for vehicle 
(US20160340937A1)

•	 Cinching latch assembly for vehicle 
(US20170306661A1)

Source: authors.

Figure 6. Topic Analysis Results for within the Sector 

Source: authors.
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Figure 8. Technology Evaluation Results

Figure 7. Topic Analysis Results for Outside the Sector
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а) Basic statistics on the evaluation results (partial)

b) Technology cross-impact matrix (partial)

Figure 9. Technology Roadmap

Source: authors.
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К-topic 
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Source: authors.
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G1-3
G1-4
G1-5
G1-6
G1-7
G1-8
G1-9

G1-10
G1-11
G1-12
G1-13

Automobile noise system technologies:  

Recent psycho-acoustic technologies

Urgency Development risk Importance Technological capabilities
Mean Std Rank Mean Std Rank Mean Std Rank Mean Std Rank

2.75 1.5 24 4 0 2 3.8 0.447213595 9 2.75 1.483239607 7
2 1 37 3.6 0.547722558 6 3.6 0.547722558 15 1.4 0.547722558 40
3 1 19 2.4 0.894427191 35 3.4 0.547722558 25 1.75 1.140175425 30

3.4 1.140175425 10 3.6 0.894427191 6 3.6 0.894427191 15 1.2 0.447213595 45
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and the links were established based on the values in 
the cross-impact matrix, where their importance val-
ues were presented as reference information. The par-
ticipants reviewed the first-cut roadmap and adjusted 
values and positions based upon mutual agreement. 
Adding or deleting more technologies was allowed at 
this stage, although it did not occur in this case study. 
Finally, the technology evaluation results were aggre-
gated by topic (see Table 3), based upon which portfolio 
map types were developed – one for prioritization and 
another for action plans as shown in Figure 10. With 
the average index value to separate high and low space 
in the map, five out of 11 topics (G-Topic 1, G-Topic 3, 
G-Topic 4, C-Topic 2, and C-Topic 3) were positioned in 
the fourth quadrant of the prioritization map, signifying 
top priorities of development. Among these five topics, 
four (G-Topic 1, G-Topic 3, G-Topic 4, and C-Topic 3) 
were located in the fourth quadrant, while only C-Topic 
2 was in the first quadrant of the action plan map. Thus, 
an R&D collaboration strategy was recommended for 

the first four topics, producing an industry–academic 
collaboration lab funded by Hyundai Motor Company. 
Internal R&D was designed for C-Topic 2. 
When investigating the relationships between short-
term emerging topics identified from the patent and 
publication data analysis and long-term promising 
topics identified from expert insights, we found that 
improving the internal capabilities in E, F, and I, which 
are associated with the five top-priority topics (G-Top-
ic 1, G-Topic 3, G-Topic 4, C-Topic 2, and C-Topic 3), 
would be greatly helpful in preparing for the future and 
gaining competitive advantages. Furthermore, we also 
found that G-Topic 1 could benefit significantly from 
recent developments in psychoacoustic technologies, 
since the topic is characterized as a technology conver-
gence between NVH and psychoacoustic technologies. 
Therefore, a link between technologies for G-Topic 1 
and the topic analysis results for psychoacoustic tech-
nologies were considered to identify potential collabo-
ration partners. 

Table 3. Аggregated Evaluation Results at the Topic Level

Topic
Urgency Risk Importance Capabilities

Mean Std Rank Mean Std Rank Mean Std Rank Mean Std Rank

О-topic 1 2.74 0.52 10 2.95 0.30 7 3.30 0.22 7 2.01 0.67 7
О-topic 2 2.75 0.68 9 3.60 0.68 1 2.95 0.54 9 1.75 0.85 9
О-topic 3 3.15 0.89 5 2.10 0.52 11 3.55 0.62 4 2.40 0.68 2
О-topic 4 3.26 0.49 3 2.78 0.43 8 3.79 0.43 3 2.15 0.62 6
О-topic 5 2.80 0.57 6 3.20 0.76 3 2.90 1.24 10 2.25 0.87 4
О-topic 6 2.77 0.91 8 3.00 0.91 6 2.73 0.89 11 2.27 0.98 3
К-topic 1 3.40 1.52 2 3.40 1.82 2 4.20 0.45 1 2.00 1.00 8
К-topic 2 3.20 1.10 4 2.20 1.10 10 4.00 1.22 2 3.40 1.67 1
К-topic 3 3.80 1.30 1 2.50 1.73 9 3.40 1.14 6 2.25 1.26 4
К-topic 4 2.80 1.30 6 3.20 1.48 3 3.20 1.10 8 1.25 0.50 11
К-topic 5 2.17 1.48 11 3.20 1.04 3 3.53 0.49 5 1.67 0.53 10

Source: authors.

Figure 10. Portfolio Maps 

Source: authors.
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Discussions
Recommended situations for applying the method 
With the emergence of disruptive technologies and in-
novative business models, companies are challenged by 
ongoing technological revolutions and rapidly chang-
ing business conditions, leading to an increasing level 
of uncertainty. The proposed approach that integrates 
data-driven methods with expert insights is useful par-
ticularly for technology planning under such uncer-
tainty. Expert insights are key to long-term planning 
by setting a vision and strategy for the organization, 
while data-driven methods enable users to understand 
and prioritize innovation opportunities made avail-
able by recent disruptive technologies. In addition, the 
data-driven methods help one to collect and synthe-
size expert insights systematically. Under uncertainty, 
experts may have different subjective opinions on the 
same candidate opportunities, possibly due to their 
different experiences and knowledge of the target tech-
nological domain. Thus, it is essential to integrate their 
knowledge for reliable decision-making, where data-
driven methods provide objective information around 
candidate opportunities.

Bias 
Despite the value of combining expert insights with 
data-driven methods, using several data-based meth-
ods is not always advantageous because data collection 
and analysis usually requires a huge amount of time 
and effort, thus delaying the roadmapping process. On 
the other hand, agile roadmapping is valuable under 
uncertainty, capturing value in short-term initiatives. 
Accordingly, understanding the needs for data analysis 
is indispensable for designing the roadmapping pro-
cess along with accessing the right data and having the 
most qualified people as roadmapping participants. 
Notably, said participants may depend too much upon 
data analysis results, thus limiting their creativity in 
developing new ideas. Hence, an optimal use of data 
analysis results for effective roadmapping must be de-
termined. Furthermore, additional data sources neces-
sitate a process for selecting reliable ones, constructing 
a balanced portfolio, and developing effective analysis 
methods — issues worth addressing. 

Implications for theory 
While most existing studies on roadmapping focused 
either on workshop-based or data-driven approaches 
[Park et al., 2020], this study emphasized the integrat-
ed use of expert insights and data-driven methods. On 
the one hand, opportunity capture by eliciting knowl-
edge from experts is important since it involves tacit 
knowledge sharing. On the other hand, opportunity 
capture by analyzing technological and market data 
is also significant given that it enables one to generate, 
identify, and evaluate more ideas. How to best com-
bine the two types of knowledge – one from expert 
insights and the other from data analysis – can be an 
important topic for roadmapping research. 

Implications for practice 
The research findings offered several implications 
for practice in the field of roadmapping. First, data 
analysis needs largely occurred in three areas: under-
standing research trends within the sector, identifying 
available technologies in another relevant sector, and 
collecting and summarizing expert opinions. With to-
day’s increased technological complexity and emerg-
ing breakthrough and/or converging technologies, 
data analysis is essential to improving roadmap qual-
ity. Furthermore, offering data analysis results may 
enhance communication among experts. By providing 
objective information, a data analysis prevents a single 
person, usually a senior manager, from dominating the 
discussion. Future research is needed to examine how 
the data analysis results can be used to enhance road-
mapping quality.

Application notes 
Before initiating a roadmapping process, it is neces-
sary to clearly define the scope and purpose of such an 
endeavor including a plan of how the outputs will be 
used. Designing a roadmapping process within a lim-
ited budget is also critical for successful roadmapping, 
particularly for a hybrid method where both experts 
and data-driven approaches are used. Regarding the 
experts, the most motivated and qualified people need 
to be identified to be engaged in roadmapping. Using 
appropriate templates can help to elicit and share ex-
pert knowledge. As to the data, the data analysis re-
sults should be able to fill in the knowledge gaps of the 
experts. Therefore, the data analysis needs, procedures, 
and results are recommended to be carefully planned. 
Otherwise, the analysis results cannot be integrated 
into workshop-based roadmapping. The cost and ben-
efit of analyzing each type of data should be considered 
as well to optimize the use of data-driven methods.  

Lessons from the case study 
First, expert insights produced creative ideas with in-
formation about relevant projects (past and ongoing) 
and about learning from them, whereas data analysis 
results mostly offered feasible ideas regarding competi-
tor trends and available technologies in other sectors. 
These two approaches are complementary, but analy-
sis results must be provided in a correct form at the 
correct level of detail for data analysis results to be 
useful for experts. Recent data analysis and visualiza-
tion techniques can be introduced to effectively use 
data. Second, most computer-based roadmapping lit-
erature mainly considered two data sources as targets 
for analysis: patents and publications, which are useful 
in analyzing past trends. However, more data sources 
that present competitors’ plans (e.g., news and You-
Tube) and/or expert insights from outside of organi-
zations (e.g., LinkedIn and podcasts) will be available, 
going beyond traditional analyses of patents and pub-
lications. These data sources can be linked to generate 
more valuable implications. 
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Areas for future research 
The workshop observation raised several research gaps 
to address, suggesting future research directions. First, 
in the case study, the data analysis needs stem from 
roadmapping at a team level, and different needs could 
be addressed via roadmapping at the organizational 
level. The needs may also vary by roadmapping context, 
such as long-term versus short-term planning, prod-
uct versus service development, defining versus solv-
ing problems, and internal R&D versus collaboration 
strategies. According to [Schimpf, Abele, 2019], data 
sources useful for roadmapping include external road-
maps, associations, market analyses, suppliers, cus-
tomers, users, research organizations and universities, 
competitors, consulting companies, legislation, jour-
nals, and media. Useful public and private data sourc-
es for context-specific roadmapping must be studied 
further. Second, continuous research is needed to de-
velop hybrid roadmapping processes and methodolo-
gies.3 Combined with newly available data sources and 
methods, the roadmapping process can become more 
efficient. Moreover, a hybrid process can also benefit 
significantly from introducing roadmapping systems, 
which enables systematic data collection, sharing, and 
elaboration across organizational units [Amati et al., 
2020]. It enables the integrated application of those 
methods and easy updates of roadmaps [Phaal et al., 
2004; Lee, Park, 2005]. Thus, future research is neces-
sary to create a framework for developing, evaluating, 
and improving a hybrid roadmapping process. Finally, 
future research must address challenges by the timely 
updating of roadmaps to keep them alive. Changing 
business environments and emerging promising tech-
nologies can be monitored continuously via data col-
lection and analysis. How to evaluate a roadmap’s sta-
tus and how to choose when to revise it need further 
investigation. 

Conclusions
This study discussed how to combine data-driven 
methods with expert insights during roadmapping. 
Today’s business environment is characterized as be-
ing full of uncertainties. On the one hand, the rapid 
emergence of disruptive technologies4 has changed the 
way organizations do business. On the other hand, so-
cial pressures on technologies or other unpredictable 
social changes such as the present pandemic also make 
it hard for an organization to plan the future. Accord-
ingly, a workshop-based approach can help an orga-
nization to quickly respond to the changing environ-
ment, enabling agile roadmapping, and allowing orga-
nizations to also establish long-term planning based 

on expert insights. Here, an appropriate use of data is 
expected to supplement limited knowledge during the 
expert-driven roadmapping. 
In this study, a workshop-based roadmap aiming for 
10-year technology planning to deal with uncertain-
ties was implemented in collaboration with Hyundai 
Motor Company. We focused on the data analysis 
needs of the workshop participants and the way the 
analysis results were used in participants’ decision-
making. The research findings indicated that discus-
sions among participants were facilitated by the use 
of data analysis results: they were useful in having a 
forward-looking perspective for the ideation stage 
and collecting diverse opinions to develop a first-cut 
roadmap for the selection stage. For the planning 
stage, data were useful for understanding emerging 
trends within the sector and identifying available 
technologies and collaboration partners outside of 
the sector. Consequently, this study contributes to the 
advances in roadmapping methodologies by suggest-
ing the necessity of a hybrid approach that combines 
data analysis results and expert insights. Furthermore, 
this is one of the few studies on corporate roadmap-
ping in a real setting, and hence, it can have practical 
contributions as well.
Despite its meaningful contributions, this study has 
several limitations. First, only a single case study was 
conducted in each of the contexts of 1) team-level 
roadmapping; 2) the automobile industry; and 3) the 
Asian context. The level of hard data required for robust 
roadmapping may change due to various factors such 
as the purpose of a given roadmapping, industry con-
dition and organizational and possibly national culture. 
More cases are needed to improve the external validity 
of the research findings. Second, most of the findings 
were derived from observations on the roadmapping 
process itself. Although an ethnographical approach 
was adopted in this study, interviews with participants 
or surveys on data analysis needs during roadmapping 
across organizations could produce more meaningful 
insights. Accordingly, further analysis on the before- 
and after-roadmapping stages can be conducted to un-
derstand data needs and satisfaction. Finally, this study 
discussed how to integrate data-driven methods with 
expert insights but failed to propose a new roadmap-
ping framework to integrate a data-driven approach 
with expert insights. Recent advances in data analysis 
techniques along with the emergence of numerous 
data sources are expected to provide various implica-
tions to support expert ideation and decision-making 
during roadmapping. Future research will continue to 
address those issues. 

3  Various methods have been applied to support roadmapping, including technology radar, portfolios, creativity methods, strategy maps, balanced 
scorecards, scenario analyses, quality function development, technology maps, maturity models, regression, and Delphi studies [Schimpf, Abele, 2019].

4  Among them are self-driving cars, robots, artificial intelligence, big data, the Internet of Things, mobile technology, virtual reality, blockchain, FinTech, 
drones, 3D printing, digital healthcare, bio-healthcare, and new materials and energies.
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